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REMARKS 

The amendment filed on July 14, 2008 has been corrected in view of the Notice of 
Non-Compliant Amendment received on September 19, 2008. Specifically; the 
underlining of Claim 7 has been removed and the entire amendment is being resubmitted 
herein. As such, the Office is respectfully requested to disregard the amendment filed 
last July 14. 

The Office Action, dated April 15, 2008 addressed claims 1-6. In this document, 
no claims are deleted; new claim 7 is added; and claims 1-6 are amended. Thus, upon 
acceptance of this amendment, Claims 1-7 are presented in the application. Further, 
provided herewith is a substitute specification in both its marked-up form, as well as its 
clean form. No new matter is submitted with these amendments. 

OBJECTIONS TO THE SPECIFICATION AND CLAIMS 

The Office Action has indicated objections to the specification in that there were 
no section headings, and in that the claims were mentioned in the specification. The 
proper format of the specification, including proper headings, is submitted herewith. 
Likewise, reference to the claims in the specification has been removed and replaced by 
the actual claim language itself Likewise, all reference numerals/characters have been 
removed from the claims. Applicant submits that no new matter has been introduced by 
the amendments made herein. 



CLAIM REJECTIONS UNDER 35 U.S.C. §112 

Claims 1-6 were rejected under 35 US.C. §112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. The claims have been amended in conformance 
with US practice. For instance, the term "portion" appearing in the claims have been 
amended, consistent with the specification/amendments to the specification, wherein the 
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term "section 71" and "section 72" have been renamed "lower portion 71" and "upper 
portion 72", respectively, to distinguish from "section 81" and "section 82," which have 
been renamed "lower section 81" and "upper section 82," respectively. Likewise, proper 
antecedent basis has been created in amended claim 2. Claim 5 has been amended to 
remove the typographical error of the term "basis" and replace it with the term "base." 
Support for the amendment can be found in the amended specification at page 8, line 1 1 . 
Further, Applicant believes that no new matter has been introduced, but that the 
terminology now more clearly distinguishes the various features of the presently claimed 
invention. The claims as presented herein address all of the Examiner's concerns, and as 
such, withdrawal of this rejection is respectfully requested. 



CLAIM REJECTIONS UNDER 35 U.S.C. § 102(B) 

Claims 1-6 stand rejected under 35 U.S.C. §1 02(b) as allegedly being 
unpatentable in view of USPN 4,7 1 5,778 to Katayama, et al. ("Katayama"). Applicant 
respectfully submits that Katayama does not anticipate Claim 1 because each and every 
element as set forth in that claim is not found, either expressly or inherently described, in 
the cited reference. In an anticipation rejection, the identical invention must be shown in 
as complete detail as is contained in the claim. 

The presently claimed invention provides a simplified construction of a 
centrifugal compressor by allowing the construction to proceed intact with each 
compressor half including respective upper and lower portions including respective upper 
and lower half diaphragms and upper and lower suction half diaphragms, which may 
further include respective sections suitable for being respectively coupled with internal 
housings. These parts may further respectively be assembled as piles. In this way, the 
upper half diaphragm and the lower half diaphragm may be opened into two halves, 
preassembled into its respective half tanks and the assembly aligned and joined at a 
horizontal joint on site. This is particularly useful since such assemblies tend to weigh 
hundreds of tons, and are quite difficult to maneuver. 
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The centrifugal compressor of Katayama, on the other hand, describes a 
different assembly in that it describes an axial insertion of an assembled compressor rotor 
into the one-piece cylindrical compressor rotor chamber la. See the description at column 
6 beginning at line 5, where assembly occurs at end walls (lb) and (lc). Thus the prior art 
describes an entirely different approach to providing a singular compressor wall, with its 
corresponding axial assembly and construction. The purpose of Katayama appears to be 
the avoidance of disassembly and transport of various pipe sections apart from the 
compressor casing itself. 

For these reasons, Katayama does not anticipate the presently claimed 
invention. In short, the presently claimed invention describes a half section approach to 
assembly of a centrifugal compressor, whereas Katayama leaves the casing intact (one- 
piece) and describes removable end plates for axial assembly. 

Thus it can be seen that Katayama does not teach, describe or suggest 
embodiments of the claimed invention. For at least these reasons, the presently presented 
claim 1 is novel with respect to Katayama. 

The remaining claims 2-7 depend, directly or indirectly, from the independent 
Claim 1 , When the recitations of claims 2-7 are considered in combination with the 
recitations of Claim 1, Applicant submits that these dependent claims are also patentable 
over the cited reference. 
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CONCLUSION 

In view of the above amendments and remarks, Applicant respectfully submits 
that the application is in condition for allowance. A Notice of Allowance is therefore 
respectfully requested. 

The Examiner may contact the undersigned if there are any remaining issues that 
can be resolved by telephonic communication. 

Respectfully submitted, 

/mm52020/ 

Mardson Q. McQuay 
Attorney for Applicant 
Registration No. 52,020 

General Electric Company 
Global Patent Operation 
1 87 Danbury Rd., Suite 204 
Wilton, CT 06897 
T: (203)761-1988 
F: (203) 761-1924 
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5 

MULTISTAGE CENTRIFUGAL COMPRESSOR 
Abotroct 

Multistage centrifugal compressor comprising ot least one 
10 stage 10 which/ — in turn/ — comprises a lower half - tank — 14rr 
an upper half - tank — — a series of lower half -diaphragms 
3r6r — a shaft 13 equipped with a series of rotors 1 4 , — a se - 
ries — &€ — upper — half - diaphragms — 48-? — a — lower — suction half - 
diaphragm — §4-? — etn — upper — suction — half - diaphragm — §-2-? — t-he 
15 lower — suction — half - diaphragm — &4 — a-ftd — fe-ke — upper — suction 
half - diaphragm 52 — includ e a portion 71 — and a portion 72, 
respectively/ — suitable — for being — coupled with — t4*e — lower 
half - diaphragms 16 and with the upper half - diaphragms — 4&r 
rcspcctivcly, — fce — form — a — first — pile — 44 — — lower — half - 
20 diaphragms — 4€ — a**d — a — second — pile 42 — e£ — upper — half - 
diaphragms 18, — respectively. 
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TITLE OF THE INVENTION 
MULTISTAGE CENTRIFUGAL COMPRESSOR 
CROSS-REFERENCE TO RELATED APPLICATIONS 
Not Applicable 
5 BACKGROUND OF THE INVENTION 

Field of the Invention 
The present invention relates to a multistage cen- 
trifugal compressor having a tank which can be opened 
horizontally. 
10 Description of the Related Art 

The fundamental elements forming a multistage cen- 
trifugal compressor are a shaft equipped with a series of 
rotors, rotating round the machine axis, and a series of 
diffusors and/or diaphragms with return channels between 
15 the various stages, integral with a tank which contains 
ooid the compressor. 

Each rotor consists of a series of bladed disks; all 
rotors are assembled on the same shaft. 
A diffusor follows each rotor disk. 
20 Each diffusor is associated with a bladed return 

channel, which conveys the fluid to the subsequent rotor. 

The whole set of each rotor together with the rela- 
tive diffusors and return channels forms a stage, which 
is separated from the adjacent ones by annular diaphragms 
25 and labyrinth-seal systems to avoid recycling between one 



stage and the other. 

The centrifugal compressors are equipped with dia- 
phragms consisting of two half-diaphragms. 

During the functioning of the multistage centrifugal 
5 compressor, the diaphragms are subjected to an axial 
force caused by the pressure differences due to compres- 
sion of the fluid. 

In order to counterbalance this force, it is there- 
fore necessary to fix oaid the half -diaphragms to the sta- 
10 tor of the multistage centrifugal compressor. 

In centrifugal compressors equipped with a tank 
which can be opened into two halves, a supporting ring is 
therefore envisaged for each single diaphragm, which is 
integral with the tank and is divided into an upper half- 
15 ring and a lower half-ring. 

Each lower half-ring is welded to the lower half- 
tank, and the corresponding upper half-ring is welded to 
the upper half-tank. 

Each upper half -diaphragm is fixed to the corre- 
20 sponding upper half-ring, whereas each lower half- 
diaphragm is fixed to the corresponding lower half-ring. 

This is due to the fact that the half-diaphragms un- 
dergo axial stress during the functioning of the compres- 
sor and, without the supporting rings, they would tend to 
25 move, causing, among other things, sealing problems among 



the various stages. 

The assembly of the half -diaphragms in the tanks is 
extremely difficult, as it is necessary to centre all the 
half -diaphragms with the respective half-rings and also 
5 to centre the lower half -diaphragms with the correspond- 
ing upper half-diaphragms. 

At the same time, it is extremely important to keep 
the seal between the various stages of the centrifugal 
compressor. 

10 For this reason, the half -diaphragms are always 

fixed in advance to the corresponding half-rings. 

In the assembly of a multistage centrifugal compres- 
sor, all the lower half -diaphragms are first inserted 
into the lower tank, followed by the shaft with the ro- 

15 tors. 

Similarly, the upper half -diaphragms are inserted 
and fixed to the upper tank. 

The upper tank can be assembled on the lower tank 
after being lifted by means of a bridge-crane, overturned 
20 by a rotation of 180° and correctly placed on the lower 
half-tank, in order to perfectly centre all the lower 
half-diaphragms . 

High capacity/pressure multistage centrifugal com- 
pressors can be extremely heavy, up to 350 tons, and con- 
25 sequently the upper tank, with the upper half -diaphragms 



fixed, can weigh even 150-200 tons. 

One of the disadvantages is that costly lifting sys- 
tems are necessary, capable of lifting the total weight 
of the upper tank on which the upper half-rings have been 
5 welded and the upper half -diaphragms respectively fixed 
to the upper half-rings. 

Another disadvantage is that it is not possible to 
effect controls on the positioning of the components in- 
side the tank. 

10 Furthermore, with respect to maintenance, a rela- 

tively common operation, such as the substitution of the 
labyrinth seal system, requires the overturning of the 
upper tank. 

A further disadvantage is that in the case of par- 
15 ticularly large and heavy machines, the overturning of 
the upper tank requires costly and complex equipment. 
SUMMARY OF THE INVENTION 
The objective of the present invention is to provide 
a multistage centrifugal compressor which is simple and 
20 with reduced costs and production times. 

A further objective is to provide a multistage cen- 
trifugal compressor having reduced costs and assembly 
times . 

Another objective is to provide a multistage cen- 
25 trifugal compressor which allows a higher safety level 



during maintenance operations. 

A further objective is to provide a multistage cen- 
trifugal compressor which allows the dimension of the 
bridge-crane, necessary for assembling the multistage 
5 centrifugal compressor, to be reduced. 

Yet another object is to provide a multistage cen- 
trifugal compressor which can pass from the configuration 
with a tank which can be opened horizontally, to the con- 
figuration with a tank which can be opened vertically and 

10 viceversa. 

A further objective is to provide a multistage cen- 
trifugal compressor which allows reduced maintenance 
costs and times. 

These objectives, according to the present inven- 

15 tion, are achieved by producing a multistage centrifugal 
compressor—a^ — specified — ar« — claim — 3 r having at least one 
stage which, in turn, comprises a lower half-tank, an up- 
per half-tank,, a series of lower half -diaphragms , a shaft 
equipped with a series of rotors, a series of upper half- 

20 diaphragms, a lower suction half -diaphragm, an upper suc- 
tion half-diaphragm, such, that the lower suction half- 
diaphragm and the upper suction half-diaphragm include a 
lower portion suitable for being coupled with the lower 
half-diaphragms and an upper portion suitable for being 

2 5 coupled with the upper half-diaphragms, to form a first 



pile of lower half -diaphragms and a second pile of upper 
ha If -diaphragms, respectively . 

Further character istics of the invention arc indi - 
cated in the subsequent claims. 
5 DESCRIPTION OF THE DRAWING 

The characteristics and advantages of a multistage 
centrifugal compressor according to the present inven- 
tion, will appear more evident from the following illus- 
trative and non-limiting description, referring to the 
10 enclosed schematic drawings, in which: 

figure 1 is a raised, partially sectional, schematic 
side view, of a stage of a multistage centrifugal com- 
pressor, according to the present invention. 

DETAILED DESCRIPTION 
15 With reference to the figures, these show a multi- 

stage centrifugal compressor comprising at least one 
stage 10, which includes a lower half-tank 11 and an up- 
per half-tank 12, a shaft 13 equipped with a series of 
rotors 14, a series of lower half -diaphragms 16, a series 
20 of upper- half-diaphragms 18, a lower suction half- 
diaphragm 51 and an upper suction half-diaphragm 52—. 

Said The at least one stage 10 preferably comprises 
also a lower half-ring 21 and an upper half-ring 22 fixed 
to the lower half-tank 11 and to the upper half-tank 12, 
25 respectively. 



In aaid the at least one stage 10, the lower half- 
diaphragms 16 and the lower suction half-diaphragm 51 are 
packed and rigidly constrained to one another so as to 
form a first pile 41 of lower half-diaphragms. 
5 Correspondingly, in ooid the at least one stage 10, 

the upper half-diaphragms 18 and the upper suction half- 
diaphragm 52 are piled up and tightly constrained to one 
another so as to form a second pile 42 of upper . half- 
diaphragms . 

10 According to a preferred embodiment, said the lower 

suction half-diaphragm 51 includes a lower portion or 
section 71 ("lower portion") suitable for being coupled 
and for constraining the lower half-diaphragms 16 which 
are present in the relative stage 10, so as to form the 

15 first pile 41 of lower half-diaphragms 16. 

The oection — lower portion 71 of the lower suction 
half-diaphragm 51 has a substantially half -cylinder form, 
with a shaped inner surface 53 and an outer cylindrical 
surface 55. 

20 On ooi d the outer cylindrical surface 55, there is a 

radial groove 57, close to a first end of the lower suc- 
tion half-diaphragm 51, suitable for being coupled with 
the lower half-ring 21 to balance the axial stress re- 
ceived by the lower half -diaphragms 16 during the func- 

25 tioning of the multistage centrifugal compressor. 



The lower suction half -diaphragm 51 comprises a se- 
ries of inner annular housings 59, each of which is suit- 
able for being coupled with a lower half-diaphragm 16. 

The lower suction half -diaphragm 51 also includes a 
5 series of shaped radial grooves 61 which act as return 
channels of the multistage centrifugal compressor. 

Soid The annular housings 59, having a minimum diame- 
ter, are obtained on the inner surface 53 and are sepa- 
rated from each other by the radial shaped grooves 61. 
10 The lower suction half -diaphragm 51 includes a sec- 

tion with a shaped base 63, open at the centre center for 
housing the shaft 13, positioned at the first end of the 
lower suction half-diaphragm 51. 

Correspondingly, the upper suction half -diaphragm 52 
15 is identical to the respective lower suction half- 
diaphragm 51, and includes a-an upper portion or section 
72 ("upper portion") which is suitable for being coupled 
and for constraining the upper half-diaphragm 18 present 
in the relative stage 10, so as to form the second pile 
20 42 of upper half -diaphragms 18, 

Analogously to what is described above, the upper 
suction half -diaphragm 52 comprises the same surfaces and 
sections, with the same functions, which are respectively 
indicated by a number which is one unit higher than those 
25 of the lower suction half-diaphragm 51. 



Each lower half-diaphragm 16 preferably comprises a 
lower section 81 suitable for being respectively coupled 
with an internal annular housing 59 of the relative lower 
suction half -diaphragm 51, and, similarly, each upper 
5 half-diaphragm 18 includes a — an upper section 82 suitable 
for being respectively coupled with an internal annular 
housing 60 of the relative upper suction half-diaphragm 
52. 

The multistage centrifugal compressor can be advan- 
10 tageously easily adapted to the configuration with a 
horizontal or vertical opening of the tank. 

It is advantageously possible to produce the series 
of lower inner annular housings 4r3»59 and upper inner an- 
nular housings 1460, by means of die-casting or pressure 
15 die-casting techniques, with a high probability of reus- 
ing the moulds for the production of the same. 

The shapes of the lower half -diaphragms 16 and upper 
half -diaphragms 18 are advantageously standardized, so 
that they can be produced starting from die-casting or 
20 pressure die-casting or from semi-finished products which 
are more easily available, as a lower thickness is neces- 
sary. 

Furthermore, the subsequent processing operations 
for removing £-ke — shavings is much simpler and more eco- 
25 nomical both in terms of cost and time. 
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It can therefore be seen that the multistage cen- 
trifugal compressor according to the present invention 
achieves the objectives mentioned above. 

The multistage centrifugal compressor of the present 
5 invention, thus conceived, can be subjected to numerous 
modifications and variations, all included within the 
same inventive concept. 

Furthermore, the materials used, as also their di- 
mensions and components, can vary according to technical 
10 requirements. 
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